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1
ANTENNA FOR AN ELECTRONIC DEVICE
IN ATYRE

FIELD OF THE INVENTION

The invention relates to the field of electronic devices for

tyres.
BACKGROUND

An electronic device comprising two antennas connected
to an electronic member, for example a chip, said electronic
member being mounted on a support plate, is known from
the prior art. Each antenna has a substantially helical shape.
Each antenna comprises a steel core coated directly with a
brass coating, brass being an alloy of copper and zinc in
respective proportions of around 75% and 25%.

It is known that the electromagnetic conduction for such
an antenna takes place mainly through the skin effect, that is
to say electromagnetic conduction takes place mainly in the
outer layers of the antenna. The skin depth depends espe-
cially on the frequency of the radiation and of the constituent
material of the conduction layer. To give an example, for a
UHF {frequency (for example 915 MHz), the skin depth is
2.1 um for silver, 2.2 um for copper and 4.4 pm for brass.

To manufacture the antenna, a bare filiform core unwound
from a storage reel is formed by plastically deforming it so
as to give it a helical shape. The bare helical core is then
coated with the brass coating. The coating step is carried out
in an electrolysis bath.

As recalled above, for optimum operation of a brass-
coated antenna at UHF frequencies, the thickness of the
coating layer must not be less than 4 microns. Furthermore,
because of the helical geometry of the core, the conditions
for coating it are very difficult to control, especially inside
the turns. Moreover, since it is made of an alloy, its precise
composition is difficult to control and requires precise
regulation of the parameters of the deposition process (cur-
rents, time through the bath, composition of the bath). To
summarize, the quality of the deposit, together with the
necessary thicknesses, results in a relatively long deposition
time which has a major consequence on the cost aspect of
the product.

BRIEF DESCRIPTION OF THE INVENTION

The object of the invention is to provide an industrially
robust and lower-cost process enabling an antenna having
optimum characteristics to be obtained.

To meet this objective, one subject of the invention is an
antenna comprising a core, the antenna being intended to be
integrated into a rubber compound, especially for a tyre,
comprising:

an electromagnetic-signal conduction layer made of cop-

per coating the core; and

a chemical isolation layer coating the conduction layer,

intended to chemically isolate the rubber from what the
isolation layer coats and made of a different material
from the material constituting the conduction layer.

The use of layers having two separate functions, namely
a conduction function and a chemical isolation function,
makes it possible, on the one hand, to choose materials
suitable for each of the functions separately depending on
their characteristics and, on the other hand, to optimize the
thicknesses of the layers and the process parameters specific
to the deposition of each layer (current, time through the
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bath or run speed, composition of the bath) and also to
reduce the costs associated with coating the core.

The conduction layer serves, through the skin effect, to
conduct an electromagnetic signal between the antenna and
the electronic member connected thereto. The conduction
layer is made of copper that may react with the rubber of the
tyre. Direct contact between the two would cause both
deterioration in the conduction layer and eventually loss of
the electronic function and degradation of the rubber sur-
rounding the antenna. The chemical isolation layer is chemi-
cally inert with respect to the rubber. The chemical isolation
layer thus makes it possible to prevent chemical reactions
between the conduction layer and the surrounding rubber. In
particular, the conduction layer being made of copper, the
chemical isolation layer acts as a barrier to the migration of
chemical species from the adjacent rubber compound, for
example it prevents sulphidation of the copper.

A substantially pure metal is a metal comprising said
metal in a proportion greater than 95%, the at most remain-
ing 5% merely constituting impurities associated with the
process for manufacturing the metal or alloy.

It is to be quoted that the efficiency of a metal deposition
step is much higher for a substantially pure metal such as
copper than for a metal alloy such as brass.

According to certain optional features of the antenna:

the core is made of steel;

the conduction layer coats the core directly. As a variant,

the bare core may be coated with one or more inter-
mediate layers interposed between the bare core and the
conduction layer. In another variant, the bare core may
be coated with several conduction layers, each conduc-
tion layer being made of copper. In this other variant,
one of the conduction layers may coat the core directly,
or else an intermediate layer is interposed between the
bare core and this conduction layer;

the chemical isolation layer is made of a substantially

pure metal or an alloy of metals, for example chosen
from zinc, nickel, tin and brass. The efficiency of the
coating step is much higher when a substantially pure
metal is used. Furthermore, these metals or brass are
chemically inert with respect to the rubber and provide
good adhesion of the chemical isolation layer to the
conduction layer. Furthermore, in the case of zinc or
nickel, they provide good adhesion of the chemical
isolation layer to the rubber. Moreover, these metals or
brass make it possible for the antenna to be easily
connected to the electronic member, for example a
chip, thanks to their solderability properties; an alloy of
metals is usually made for its greater part of at least two
different metals, that is to say constituting together
more than 50% in weight of the alloy, and additives
providing the alloy with specific properties according
to its use;

the chemical isolation layer coats the conduction layer

directly. As a variant, the conduction layer may be
coated with one or more intermediate layers interposed
between the conduction layer and the chemical isola-
tion layer. In another variant, the conduction layer may
be coated with several chemical isolation layers, each
chemical isolation layer being made of a substantially
pure metal or an alloy of metals, for example chosen
from zinc, nickel, tin and brass. In this other variant,
one of the chemical isolation layers may coat the
conduction layer directly or else an intermediate layer
is interposed between the conduction layer and this
chemical isolation layer;
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the total thickness of the conduction layer is greater than
2 microns, preferably between 4 and 5 microns. If the
antenna comprises several conduction layers, the total
thickness is the sum of the thicknesses of each con-
duction layer;
the total thickness of the chemical isolation layer is
greater than 0.2 microns, preferably between 0.4 and
0.6 microns. If the antenna comprises several chemical
isolation layers, the total thickness is the sum of the
thicknesses of each chemical isolation layer;
the antenna includes an external adhesion layer for the
antenna to adhere to the rubber coating the chemical
isolation layer. As its name indicates, this adhesion
layer ensures lasting intimate contact between the adja-
cent rubber compound and the antenna after a step of
crosslinking the rubber compound;
the external adhesion layer coats the chemical isolation
layer directly. As a variant, the chemical isolation layer
may be coated with one or more intermediate layers
interposed between the chemical isolation layer and the
adhesion layer. In another variant, the chemical isola-
tion layer may be coated with several adhesion layers,
each adhesion layer being made of at least one sub-
stantially pure metal, for example chosen from zinc and
nickel, or made of an alloy of metals, for example
brass, or comprising a non-metallic adhesive. Accord-
ing to this other variant, one of the adhesion layers may
coat the chemical isolation layer directly, or else an
intermediate layer is interposed between the chemical
isolation layer and this adhesion layer;
in one embodiment, the external adhesion layer comprises
a non-metallic adhesive;

in another embodiment, the external adhesion layer is
made of a substantially pure metal or an alloy of metals,
for example chosen from zinc, nickel and brass. These
metals enable the antenna to adhere to the surrounding
rubber; and

the antenna includes at least one helical portion. The

antenna is preferably intended to be integrated into a
tyre. During operation of the tyre, the latter is subjected
to stresses and deformations that are transmitted to the
antenna. The helical shape makes it possible to improve
the endurance of the antenna with respect to the stresses
undergone by the antenna. This is because a helical
shape gives the antenna flexibility enabling it to deform
without risk of fracturing, which on the one hand would
make the electronic function inoperative and, on the
other hand, would run the risk of damaging the tyre.
Preferably, the outside diameter of the helical portion is
1.2 mm and the pitch of the helical portion is 13 turns
per centimeter.

Another subject of the invention is an electronic device
comprising an electronic member and at least one antenna
connected to the electronic member, the antenna being as
defined above.

The invention also relates to a tyre comprising an antenna
as defined above or an electronic device as defined above.

Finally, the invention relates to a process for manufac-
turing an antenna comprising a core, the antenna being
intended to be integrated into a rubber compound, wherein:

the core is coated with an electromagnetic-signal conduc-

tion layer; and

the conduction layer is coated with a chemical isolation

layer intended for chemically isolating the rubber from
what the chemical isolation layer coats and made of a
different material from the material constituting the
conduction layer.
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According to certain optional features of the process:

In one method of implementation, the core having a
filiform shape is coated with the conduction layer and
the chemical isolation layer and, after the coating steps,
at least one portion of the coated core is plastically
deformed. By coating the core before its plastic defor-
mation, that is to say when the core still has a filiform
shape, the efficiency of the coating steps is improved.
This is because, since the core has a filiform shape,
each coating may cover the core of the antenna uni-
formly and homogeneously. Thus, each coating step is
relatively rapid, thereby enabling the thickness of each
layer to be limited and the energy costs of each coating
step to be reduced, while still improving the quality of
the coating. The antenna thus obtained is therefore
functional.

Furthermore, the process is continuous, that is to say the
coating step makes it possible to cover a great length of
filiform core which will then be cut to length. Thus,
unlike a batch production, the process according to the
invention makes it possible to ensure constant quality
of the product and to reduce manual intervention and
therefore costs.

In another method of implementation, at least one portion
of'the core is plastically deformed and, after the deformation
step, the core is coated with the conduction layer and the
chemical isolation layer.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be better understood on reading the
following description, given solely by way of non-limiting
example and in conjunction with the drawings in which:

FIG. 1 is a perspective view of an electronic device
comprising an antenna manufactured according to a first
embodiment of the invention;

FIG. 2 is a detailed view of the antenna of FIG. 1;

FIGS. 3 to 6 are perspective views with a cross section of
the antenna of FIG. 2 during various steps of the manufac-
turing process according to the first method of implementing
the invention;

FIG. 7 is a view similar to that of FIG. 2 during a process
step following that of FIGS. 3 to 6;

FIG. 8 is a diagram illustrating various steps of the
process according to the first method of implementing the
invention;

FIG. 9 is a view similar to FIG. 2, showing an antenna
according to a second embodiment of the invention;

FIGS. 10 to 13 are perspective views with a cross section
of the antenna of FIG. 9 during various steps of the manu-
facturing process according to the second method of imple-
menting the invention; and

FIG. 14 is a diagram illustrating various steps of the
process according to the second method of implementing the
invention.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 shows an electronic device denoted by the general
reference 10 and intended to be embedded in rubber. In the
example shown, the electronic device 10 is of the RFID type
and comprises two antennas 12 according to a first embodi-
ment. The antennas 12 are connected to a terminal of an
electronic member 14, here a chip, said electronic member
being mounted on a support plate 16. In what follows, since
the two antennas 12 are identical, only one antenna 12 will
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be described with reference to FIG. 2. The two antennas 12
together form a dipole antenna.

The antenna 12 has a substantially helical shape and a
length, an outside diameter and a helix pitch that are defined
according to the conditions under which the electronic
device is used. To give an example, the pitch of the helix
may be 13 turns per centimeter, the outside diameter may be
1.2 mm and the length may be around 25 mm. This com-
bination of characteristics is particularly useful in the case of
the electronic device operating in a tyre at UHF frequencies.

The antenna 12 comprises a steel core 18 having an
outside diameter of 203 microns+5 microns. The antenna 12
also includes a first, conduction layer 20 coating the core 18
directly. The conduction layer 20 is made of a substantially
pure metal, in the present case metallic copper (chosen for
its electrical characteristics and its cost) and is in contact
with the core 18. The layer 20 has a thickness of greater than
2 microns, preferably between 4 and 5 microns.

The antenna 12 also includes a second, chemical isolation
layer 22 coating the first layer 20 directly. The layer 22 is
made of substantially pure metal, in this case metallic zinc,
and is in contact with the first layer 20. The layer 22 has a
thickness of greater than 0.2 microns, preferably between
0.4 and 0.6 microns.

As a variant, the layer 22 is made of nickel or tin.

In another variant, the layer 22 is made of an alloy of
metals, for example brass.

In other variants, the antenna 12 comprises several chemi-
cal isolation layers 22, each layer being made of a different
substantially pure metal or an alloy of metals.

The antenna 12 also includes a third, adhesion layer 24
coating the second layer 22 directly. The layer 24 comprises
a non-metallic adhesive, in this case an adhesive sold under
the brand name “Chemlok” or the brand name “Chemosil”
by LORD CORPORATION, and is in contact with the
second layer 22.

As a variant, the third layer is made of a substantially pure
metal or an alloy of metals, for example chosen from zinc,
nickel and brass.

The various steps of the process for manufacturing the
antenna 12 according to the first embodiment by the first
method of implementation will now be described with
reference to FIGS. 3 to 8.

The process starts by a filiform metal wire comprising the
core 18 being wound onto a reel. This bare filiform core 18
is shown in FIG. 3.

During a first cleaning step 100, the core 18 is made to
pass through an alkaline bath.

During a step 102, the core 18 is coated directly with the
first conduction layer 20 by continuous electrode deposition.
The wire is run through a cyanide bath for copper deposi-
tion. This results in the core 18 coated with the layer 20 as
shown in FIG. 4.

Next, during a step 104, the first layer 20 is coated directly
with the second, chemical isolation layer 22, again by
passage through an electrolysis bath of composition appro-
priate to the material of the chemical isolation layer. This
results in the core 18 coated with the layers 20, 22, as shown
in FIG. 5.

Next, during a step 106, the second layer 22 is coated
directly with the third, adhesion layer 24. This results in the
core being coated with the layers 20, 22, 24, as shown in
FIG. 6. In the variant in which the third layer is made of a
substantially pure metal or an alloy of metals, the third layer
is deposited by a “flash” process, which corresponds to a
relatively short electro-deposition process enabling a third
layer having a thickness of less than 0.1 microns to be
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obtained. Such a “flash” process uses a high current density
and a bath with a low ionic concentration.

Next, during a step 108, the core 18 coated with the layers
20, 22 and 24 is cleaned (removal of the residues from the
deposition baths, followed by rinsing) and then dried by
passing a stream of hot clean air over it.

In a step 110, the composition of each layer 20, 22, 24 is
checked, for example by X-ray fluorescence spectroscopy or
by polarography. The thickness of each layer 20, 22, 24 is
also checked, for example by scanning electron microscopy,
polarography or ICP-AES (inductively coupled plasma—
atomic emission spectroscopy). The surface appearance of
the antenna 12 is also checked so as to verify the uniformity
of the deposit. A test to characterize the mechanical endur-
ance potential of the core and of the adhesion of the coating
layers may also be carried out.

Next, during a step 112, the coated filiform core is
plastically deformed so as to give it its helical shape by
means of a machine suitable for producing such a spring, for
example a spring winding lathe. In this case, the core coated
with the layers 20, 22 and 24 is continuously deformed
plastically over its entire length. What is then obtained is the
core coated with the layers 20, 22 and 24, as shown in FIG.
7.

As a variant, only one portion of the core coated with the
layers 20, 22 and 24 is plastically deformed periodically
along the core coated with the layers 20, 22 and 24.

Next, during a step 114, the coated helical core 18 is cut
into sections 24 of predetermined length, here around 20 to
30 millimeters.

Next, during a step 116, the antenna 12 is heat-treated by
heating it at a temperature of at least 200° C. for 30 minutes
in order to relax the mechanical stresses. What is then
obtained is the helical antenna 12 shown in FIG. 2.

Finally, during a step 118, the antenna 12 is connected to
a terminal of the electronic member 14 and to the support
plate 16 in order to obtain the device 10 shown in FIG. 1.

FIGS. 9 to 14 illustrate an antenna according to a second
embodiment of the invention and a process according to a
second method of implementing the invention. The elements
similar to those of the antenna and the process of the
previous embodiments and methods of implementation are
denoted by identical references.

As previously and as shown in FIG. 9, the antenna 12
comprises a conduction layer 20 coating the core 18 directly.
The conduction layer 20 is made of a substantially pure
metal, in this case metallic copper.

The antenna 12 also includes a chemical isolation layer 22
coating the conduction layer 20 directly. The chemical
isolation layer 22 is made of an alloy of metals, in this case
brass.

The various steps of the manufacturing process according
to the second embodiment of the antenna will now be
described with reference to FIGS. 10 to 14.

The process starts with a filiform metal wire comprising
the core 18 being wound onto a reel. This bare filiform core
18 is shown in FIG. 10.

During a first step 300, the bare filiform core 18 is
plastically deformed into its helical shape by means of a
spring winding lathe. In this case, the bare filiform core 18
is continuously deformed plastically over its entire length.
What is obtained is the helical bare core shown in FIG. 11.

As a variant, only one portion of the bare core 18 is
plastically deformed periodically along the bare core 18.

Next, during a step 302 (mechanical stress relaxation
step), the bare helical core 18 is heat-treated by heating it at
a temperature of at least 200° C. for 30 minutes.
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The bare helical core 18 is cleaned in a cleaning step 304,
by immersion in cleaning baths, and then dried.

In a step 306, the bare helical core 18 is coated directly
with the first, conduction layer 20. What is obtained is the
helical core coated with the conduction layer 20, as shown
in FIG. 12.

Next, during a step 308, the first layer 20 is coated directly
with the second, chemical isolation layer 22. What is
obtained is the helical core coated with the conduction layer
20 and the chemical isolation layer 22, as shown in FIG. 13.

Next, during a step 310, a baking step is optionally carried
out on the helical core coated with the layers 20, 22 at a
temperature of around 200° C. for several hours. This step
serves to eliminate the hydrogen dissolved in the core 18 and
the layers 20, 22, hydrogen being liable to cause fractures in
the antenna 12.

Next, in a step 312, the composition of each layer 20, 22
is checked in a manner similar to the checking step of the
first method of implementation.

Next, in a step 314, the coated helical core 18 is cut into
sections 24 of predetermined length.

Finally, during a step 316, the antenna 12 is connected to
the electronic member 14 and to the support plate 16 in order
to obtain a device 10 similar to that shown in FIG. 1.

The invention is not limited to the embodiment or the
method of implementation described above.

This is because it would be possible to deform the coated
core in its entirety or else only a portion thereof. Further-
more, several portions of the coated core could be plastically
deformed in different ways.

The coating steps using metals or alloys are generally
carried out in electrolysis baths. As a variant, they could be
carried out using other known techniques.

The invention claimed is:

1. An antenna intended to be integrated into a rubber
compound, the antenna comprising:

a core;

an electromagnetic-signal conduction layer conduction

layer made of substantially pure copper and coating the
core;

a chemical isolation layer coating the conduction layer;

and

an external adhesion layer that promotes adhesion of the

antenna to the rubber compound, the adhesion layer
coating the isolation layer,

wherein the isolation layer chemically isolates the rubber

compound from an object coated by the isolation layer,
and

wherein the isolation layer is made of a different material

from a material constituting the conduction layer.

2. The antenna according to claim 1, wherein the core is
made of steel.

3. The antenna according to claim 1, wherein the con-
duction layer coats the core directly.

4. The antenna according to claim 1, wherein the isolation
layer coats the conduction layer directly.

5. The antenna according to claim 1, wherein the isolation
layer is made of a substantially pure metal or a metal alloy
chosen from: zinc, nickel, tin, and brass.

6. The antenna according to claim 1, wherein a total
thickness of the conduction layer is greater than 2 microns.

7. The antenna according to claim 1, wherein a total
thickness of the conduction layer is between 4 and 5
microns.

8. The antenna according to claim 1, wherein a total
thickness of the isolation layer is greater than 0.2 microns.
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9. The antenna according to claim 1, wherein a total
thickness of the isolation layer is between 0.4 and 0.6
microns.

10. The antenna according to claim 1, wherein the exter-
nal adhesion layer coats the isolation layer directly.

11. The antenna according to claim 1, wherein the external
adhesion layer includes a non-metallic adhesive.

12. The antenna according to claim 1, wherein the exter-
nal adhesion layer is made of a substantially pure metal or
a metal alloy chosen from: zinc, nickel, and brass.

13. The antenna according to claim 1, further comprising
a helical portion.

14. The antenna according to claim 13, wherein

an outside diameter of the helical portion is 1.2 mm, and

a pitch of the helical portion is 13 turns per centimeter.

15. The antenna according to claim 1, further comprising
an intermediate layer interposed between the core and the
conduction layer.

16. The antenna according to claim 1, wherein the isola-
tion layer is one of a plurality of chemical isolation layers of
the antenna, each isolation layer being made of a metal.

17. An electronic device comprising:

an electronic member; and

at least one antenna connected to the electronic member,

each of the at least one antenna including:

a core,

an electromagnetic-signal conduction layer made of
substantially pure copper and coating the core,

a chemical isolation layer coating the conduction layer,
and

an external adhesion layer that promotes adhesion of
the antenna to the rubber compound, the adhesion
layer coating the isolation layer,

wherein the isolation layer chemically isolates a rubber
compound from at least one object coated by the
isolation layer, and

wherein the isolation layer is made of a different
material from a material constituting the conduction
layer.

18. The electronic device according to claim 17, wherein
the electronic device is incorporated in a tyre.

19. A process for manufacturing an antenna that includes
a core, the antenna being intended to be integrated into a
rubber compound, the process comprising:

coating the core with an electromagnetic-signal conduc-

tion layer made of substantially pure copper;
coating the conduction layer with a chemical isolation
layer that chemically isolates the rubber compound
from an object coated by the isolation layer, wherein
the isolation layer is made of a different material from
a material constituting the conduction layer; and

coating the isolation layer with an external adhesion layer
that promotes adhesion of the antenna to the rubber
compound.
20. The process according to claim 19,
wherein the core has a filiform shape and is coated with
the conduction layer and the isolation layer, and

wherein the process further comprises, after the coating
by the conduction layer and the coating by the isolation
layer, plastically deforming at least one portion of the
coated core.

21. The process according to claim 19, further comprising
plastically deforming at least one portion of the core before
the coating by the conduction layer and the coating by the
isolation layer.

22. An antenna intended to be integrated into a rubber
compound, the antenna comprising:
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a core;

a plurality of electromagnetic-signal conduction layers
coating the core, each conduction layer being made of
substantially pure copper; and

a chemical isolation layer coating the conduction layers;

wherein the isolation layer chemically isolates the rubber
compound from an object coated by the isolation layer,
and

wherein the isolation layer is made of a different material
from a material constituting any of the conduction
layers.

23. The antenna according to claim 22, further comprising
an intermediate layer interposed between the core and an
innermost one of the conduction layers.

24. The antenna according to claim 22, wherein the
isolation layer is one of a plurality of chemical isolation
layers of the antenna, each isolation layer being made of a
metal.
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